The composites of piroxicam and meloxicam with gamma-alumina, aluminium hydroxides (gibbsite and boehmite), alpha and gamma polymorphs of iron(III) oxide having dierent surface area and morphology were prepared by planetary ball-milling. It has been shown that the initial state of the excipient (specic surface area, particle size and morphology) had a pronounced eect on the formation of the core-shell composites with the drugs and their properties. The X-ray diraction patterns and IR spectra measured for co-milled samples as well as X-ray photoelectron spectroscopy studies gave evidence that the components of the mixtures interacted with each other and became amorphous, as composites were formed. The drug release from the composites was dierent as compared with pure drugs, meloxicam and piroxicam behaving dierently that can be explained by formation of strong or weak bonds with the active sites of the carriers. In the case of mechanocomposites, the drugs dissolved quickly due to high surface of organic phase in the core-shell composites. The high-porous carriers can serve as the sorbents for the drugs in solution.
Introduction
In the last years the research in synthesis and structural characterization of organic-inorganic core-shell hybrid materials has received great attention since they have potential for use in many areas of technologies and in pharmacy [1, 2] . The co-milling can be regarded as an attractive eco-friendly route to prepare the organicinorganic composites [3] . Earlier, we reported [4] the preparation of organic-inorganic hybrid composites of piroxicam and indomethacin with ne porous inorganic oxides, alumina, silica, and magnesia, by high energy ball-milling. The interaction of the components in the composites of piroxicam and meloxicam with highly dispersed alumina was also studied [5] .
However, until in recent publications [6] . They are more soft than alumina and can serve as the carriers for preparation of mechanocomposites of the drugs. Iron oxides are often used for preparation of magnetic drug delivery systems [7] . Alumina (γ-Al 2 O 3 ) having the less surface area in comparison with the previously studied one [4, 5] also was used as excipient. Belonging to oxicam family, they are structurallyrelated compounds [8] . Therefore, it was interesting to study the inuence of the excipient morphology on the formation of mechanocomposites of these drugs and their dissolution behaviour. [10] .
The morphology of the samples was examined under Hitachi S-3400N scanning electron microscope and JEM2000-FX (JEOL, Japan) transmission electron mi- The drug to carrier ratio was 1:3 or 1:10 (w/w).
X-ray powder diraction patterns were recorded using Bruker's D8 Discover diractometer; Cu K α radiation and a scanning speed of 2 o /min were employed. Attenuated total reectance (ATR) infrared spectroscopy was performed with Digilab Excalibur 3100 FTIR spectrometer (Varian), spectral resolution was better than ±2 cm −1 . The X-ray photoelectron spectroscopy (XPS) analysis was performed using a SPECS photoelectron spectrometer (Germany) with Mg K α X-ray source (1253.6 eV) as described in an earlier paper [5] .
To measure the dissolution, solubility tester ite [5] . The XPS data (Fig. 4a) conrmed that SO 2 group was also involved in the interaction with the excipients.
In the IR spectra of meloxicam milled mixtures (Fig. 3b) , the changes in NH and C=O stretching vibration bands [14] contrast to the metal meloxicam complexes [14] . In the XPS spectra of meloxicam (Fig. 4b) , the appearance of a new energetic state of sulfur of sulfonamide group in the milled mixtures suggested that sulfur atom of sulfon- amide group was involved into the interaction with the active sites at the surface of hydroxides.
The dissolution rates of piroxicam from the physical mixtures with the excipients were lower than those for the ball-milled mixtures as well as for pure piroxicam (Fig. 5a ). This is despite the fact that the pH increased in the presence of hydroxides and this could be expected to increase the solubility of piroxicam [15] . It can be assumed that the hydroxides may be used to adsorb the drug from solution. Not only the specic surface area, but also the concentration and strength of the active sites on the excipient surface apparently are important for the dissolution process.
No rapid increase of concentration was observed for the In the case of the composite with alumina, the piroxicam release was slower, probably due to a stronger interaction with the excipient. Nevertheless, the concentration of piroxicam in solution was higher than it was observed for highly dispersed γ-Al 2 O 3 used as an excipient in the earlier study [5] . This may be accounted for dierent strength and number of active surface sites in the oxides prepared by dierent ways. 
Composites of the drugs with the polymorphs of iron oxide
It is evident from the TEM micrographs that under milling, the γ-Fe 2 O 3 particles were covered by a thin layer of the drug (Fig. 6 ). In the co-milled mixtures of the drugs with γ-Fe 2 O 3 , the intensity of X-ray diraction peaks of the drugs signicantly decreased.
There were no changes in the IR spectra of 1:3 piroxicam-milled mixture in comparison with the physical mixture of the components (Fig. 7) .
In ticles, the drug release was slower than for initial piroxicam (Fig. 8) .
The same results were obtained for meloxicam (Fig. 8) .
Thus, γ-Fe 2 O 3 is a perspective material for design of magnetic carriers for targeting drug delivery [19] .
It was interesting to study the inuence of morphology of the oxide on the formation of composites and their properties. With this purpose, the α-Fe mixtures of the initial components, the sorption of the drug was observed from the solution (Fig. 9) . Nevertheless, in the case of co-milled mixtures, the drug slowly released into water and then its concentration fell down sharply. This fact suggested that during co-milling, the high-porous particles of the oxide were covered by a layer of the drug and only after dissolution of this layer the oxide can act as a sorbent. As a result of co-milling, the decrease of surface area and the volume of the pores was observed (Table II) . The size of the pores increased due to their aggregation. It could be suggested that the drug penetrated into the oxide pores during ball-milling. After drug release into water, the pores became free and the oxide acted as a sorbent.
Conclusion
The composites of piroxicam and meloxicam with different forms of alumina, gibbsite, boehmite as well as 
